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<= << = - SY VAL ＋9—＋ꝶ6Ãũõůͥ:. ³⁴1Vã6nh 3K —3Kwr* 


— —— = ed p p ̃ꝗ P P —— — — 


„ ⁵D T0 — . — e — — 4141⁰ — - — —ä——ä—.t œ—— æũ ͤ ͤ —— — 2 


— — — 


— —— ſ— ͤ —— — 


— — yo — Hz: z: z: - „„ 


* 2 


* 


z 


—— — — r v4 


Scale of Fe 


E 


n py 


DO 


mme er —s_—o.oCncouGg oy, 


— — — — 


Saas 


_————_  - 


— ——— N — 


Oo — 


— 4 


e 


5 
— 


- 
= 


thy 


a 


F 


m—_ 4 — 


* 
1 
hd 
- 1 - - 


1 — ; f. 
5 5 3 
V : 
| on 
. | . 
2 8 
[IJ f : 

' 

1 | I 
4 | 
= 

j 1 
0 
; RE 

. N 3 

— 
. . E 
| I 
= | 2 8 2 CY 
- 8 


- 
—— -- - - 
- 


— 2 — 


— -- 
O 
30 
* 


1 
. 
* 4 
7 
= 
* 6 


facto 


14 


* 
* 
* 
* 
_ 
- 
# 
, 
: 
—_ 
$ 
E 
- 
x 
- 
= 
. 
* 
' 
- 
1 
* 
7 
* 
” 
pe ” 
CG) 
* 
v 
% 
* 
- 
- 
7 
* 
12 
* 
= 
* 
= 
” . 
* 
4 
- = 
* \ 
| * o 
* 
» 
— * 
2 al 
* 
* 
5 + 
4 * 


* * 8 8 r | * 7 2 
* I Ws 2 ; 7 To 8 f * * Va n 
».XF * 
* 
- : - 
FP 4 
* 
* 
1 
Pb 
Hyde 
3 
y 5 
- 
” 
* 


e ; 


V B 


FX Bird Soup. 


— 


— — EP ESL = wt 


Dividing ASTRONOMICAL INSTRUMENTS. 


«3 


| : 
Fa 
| / 
MATHEMATICAL Ln dend Ann“ 16 
the STRAND. 
Publiſhed by Ox DER of the 
7 COMMISSIONERS E LONGITUDE. 
| Sold by Joun-Nov as E, in the Strand; and Mel. Movnr 
eee . and PAGE, Tower-Hill. 
„ MDCCLXVII. bo 42:8 Ni 


5 12 1 "= F *4: 8 * . _ 
# . Y 5 1 . 1" F » f 
2. N : 2 k . 
X 1 
* A * $5 6 * " ; hy 3 3 a 1 4 
1 * 
N . %. : 
* 4 ; 
* : Z PI * 4 

0 1 - f ah 1 1 q WV, s ; my : . 

7 a | = 

. . 8 N . 
. Ll 
- F a - - 
- 1 * 
- 


R. John Bird, Mathematical | nſtrument-maker, 

41 in the strand, having received the ſum of 
5 YA by certificate from the Commiſſioners of Lon- 
gitude, upon. the following, amongſt other, conditions; 
namely, of taking an apprentice for ſeven years, and 

_ inſtructing him in his art and method of making 
Aſtronomical Inſtruments; and alſo in inſtructing, in 
like manner, ſuch other perſons as the ſaid Commiſ- 

: fioners ſhall from time to time direct: And further, 
of giving and. delivering in Writing, upon Oath, to 
the ſaid Commiſſioners, a full and complete deſcrip- 7 
tion of his manner and method of forming and gra- 


duating Aſtronomical Inſtruments, and particularly all 
ſuch as he hath made for the uſe of the Royal Obſerva- 
tory at Greenwich: And he having further agreed to 
give and deliver in, upon oath, to the ſaid Commiſ- 
ſioners, complete engraved Plates of the ſaid laſt- 
mentioned Inſtruments, ſo minutely exact, as that theſe 
1 Thum, 


5 [ iv ] 
Plates, with the aforeſaid Deſcription, and Models 
thereof, if neceſſary, may enable any diligent and 
experienced Workman to make and execute ſuch In- 
ſtruments, for which Plates he is to be allowed the 
further ſum of 60 J. the ſaid Mr. John Bird accord- 
ingly delivered the following Writing, with the en- 

graved Plate, Ne. 4, therein referred to, to the Com- 
miſſioners of Longitude, March 21, 1767, upon oath, 
.as containing a true deſcription' of his manner of 
dividing the Mural Arc in the Royal Obſervatory; to- 
gether with the improvements which he has made, 
ſince the conſtruction thereof, in his method of dividing 


Inſtruments. el bes 
The Commiſſioners 3 proper to order this Ac- _ 

count to be printed and publiſhed immediately, which 

will doubtleſs be followed by the other Part of the 


Method, relative to the Conſtruction of Aſtronomical 
Inſtruments, promiſed by Mr. Bird, when he ſhall 


have completed the ſame, | 


N. MASKBLYNE, 
Aſtronomer-Royal. 


THE 


4 


THE AUTHOR" 
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H E : following Method of dividing Aſticncmical 
I nſtruments, . &C, is collected principally from 
the experience which I have gained in the ſpace of 


thirty-four years, and, in ſome part, from the in- 
ſtructions which I received inde the late Mr. n. 
Siflon, | | 

What I call my own, I n guided by Italic 
characters: If any « other Inſtrument-makers have uſed 
the ſame method, it is unknown to me; and ſhall, 


therefore, pay no regard to any pretenſions unſup- 


ported by evidence: I mean, pretenſions, without pro- 


ducing Aſtronomical Inſtruments ſuperiour, or at leaſt 


equal to, thoſe which I have. made. 


How far the Lunar Theory hath been improred by 


the obſervations: of the late * Bradley, and Mr. 
3 Mayer, 


— 


"0 


CP] 
Mayer, I leave to the deciſion of thoſe who have tried 
it by obſervations, in order to find the Longitude at 
Wl - IJ cannot hel p- however, being fully of opi- 
nion, that a ſtill more perfect knowledge of the mo- 
tion of the heavenly bodies may be obtained by fu- 
ture obſervations „ Kilfully made, with accurate In- g 


ſtruments. 


I have been favoured with ſo diſtin iſle a mark 
or approbation, from the Commiſſioners of Longitude, 
that nothing, on my part, ſhall be wanting, that may 
in n the leaſt contribute to ſo defireable an x end. 


JOHN BIRD. 


March 14th, WOO | 
ow „ ES ON heh. 2 


rr 


617} <7: 5 ! 


THE 


M E 1 H 0 D 


9103 


Dividing ASTRONOMICAL INSTRUMENTS. 


7 T a Board of Longitude, held at r the Admiralty on the 
loth of January, 1767, it was required of me to deſcribe 
my method of dividing Aſtronomical Inſtruments, and 
the ſaid deſcription to be delivered at a ſubſequent Board, to be 
held on the 14th of March following. 


As this is, in ſome meaſure, debiating my intention, which 
-was to deſcribe the regular proceſs, uſed in making the Mural 
Arc of 8 feet Radius in the Royal Obſervatory at Greenwich, I 
ſhall deſcribe the method uſed in dividing the ſaid Inſtrument ; 
that it may be a proper ſupplement to a deſcription thereof, 

which I hepe to perfect, ſome. time in the following Sum- 


It will be laficient, for my purpoſe, to 4 uſe of no more 
Lines and Arcs than are eee in the Digyee CB A, 1 Wu, 


Plate 4. . 
15 The 


”- 


2 THE METHOD er DIVIDING 


The requi 722 for the performance of this work are as fol- 
hw. A ſeal of. equal parts, by which' the Radius- may be 


meaſured. to 0,001. of an inch, muſt+ be provided. . My ſcale it 
go inches. long, each inch divided into 10, contiguous- to wwhich 


—E 


are nonius divgfons, viz. 10, 1 inches divided into 100 equal: 
parts, fſhewing 0,001 of at inch; and by the afiſtdnce. of a mtgni-- 
Hing glaſo, ¶ one. inch focal. l a * of, 0,001 may be taken: 
- ** eftimation. 


5 "Provide Aue Bean pn, [7h avbich:  maghifing glaſit, of? 
not more than. one. inch focal length, ſhould. be applied. Let the- 
longeſt beam be ſufficient. to draw-the Arcs; and meaſure the 
Radius: The ad to meaſure the Chord of 42%: 40“: The 3d to 
meaſure the Chord of 30%: The 4th 10% : 200: The 565 165 40⁰: 1 
And, if 2. bth,. to. e 1 50. be. wade 5 te # much . 
better. . | : 


* 


I have, for the ſake of a: round number, naked above, that the 
Radius of the N ural Arc, in the Regal Odjervatory i at Greenwich, 
is 8 feet; but, as. T.ſhall here put down the lengths of the ſeveral 


Chords Made uſe of i in the dividing, * it will Ze neceary fo note the 
cab: Radi us” in W and Ain! e e WIS” | 


Y * * ON %2 ? 0 * 


f * 


We Nadin of the a+ of 90, at e © 22H 10 "OY 
from hith #he following numbers were computed; vin. 40, 661 5 
ind bes C bord e, 30'-—2 5,0448 inches==Chord of 1 5%17,679047 
inc bes = Chord of 19% 3. 20'—7,81186 inches. Chord of 4* : 400 an 
69,80318 inches=Cbard of. 42* : 40. Having drawn the ſeveral 
Ares, between which the diviſions were to be cut, the Radius and 
the lengths of the above Chords were taken by the Beam Compaſſes, 


mes, together with the Scale, were laid * the Quadrant. 
1 | 1 where 4 


s H RONOMIOAL INSTRUMENTS. 3 
where they remained till the next morning; during which time the 
door of the room was kept locked. Before ſun-riſe J remeaſured the © 
Radius, which required ſome correction; the Beam being of white 
fir, and the Scale of braſs, which probably contracted, while the 


Beam remained unaltered : 7 he other Be- eam G alſo required 
2 


Now the Quadrant a Scale 4 of the ſame temperature, 
the faint Arc 6 d was ſtruck, and with a very fine prick- punch 


the point à was made: With the ſame Beam Compaſs, unaltered, 
I laid off, from @ to e, the Chord of 60, making alſo a fine 


point: With the Chord of 30%, à e, was biſected in, c. Now one 
point f the Beam Compaſs, containing GO, was fixed in, c; and 
with the other was marked the point, r, or 9052 : Next, with the 
Beam Compaſs, containing 1 5, was biſected, er, in, wy or 75* : From, 
u, was laid off the Chord of 100: 20/, and from, r, 4. : 40/; which 
two laſt Chords joined exattly in, g, being the oe Us” "20" 2 
Now each degree being to be divided into 12 parts, or every 5", 
therefore $5 X 124+ 4=1024, 4 number divifible by continual bi iſec- 
tions. The laſt Chord computed was 42: 40, with which, a g, was 
biſefted in, o; ao, and, og, were biſected by trials: But whoever 
undertakes to divide a large Quadrant, will do well to compute alſo the 
Chord of 21* : 20/; but, for this Chord, any of the Beam Compaſſes 
already provided, which will take in the length, may be uſed. The 
point, g, being found as above, I proceeded, , by continual biſections, till 
T had the number required, viz. 1024. To full up the ſpace be- 
tween, g, and, r, containing 56 diviſions, the Chord of 64. diviſions was 
laid off from, g, towards, d, and divided, like the reſt, by continual 
bi ie, ; as was alſo from, a, towards, b. The points 30, 69, Th 
9 90", fell in, without any ſenſible inequality | 
Cc | Here 


4 THE MET H OD OF DIVIDING © 

Here it is neceſſary to mention, in what manner the biſecting 
and pointing were performed. Having the Chord of 42*: 400 in 
the Beam Compaſs, and one point placed in a, with. the other 
a faint arch of about Te Of an inch in length was made in . 
Again, one point of the Beam Compaſs was placed in g, and 
with the other the aforeſaid faint arch was interſected. Here, 
as in all other places, great care was uſed to make the points 
exactly in the are to be divided, and alſo in the interſection. 


In the following pages, I ſhall not only deſoribe the farther 
proceſs in dividing the Mural Arc in the Royal Ng 
bus endeavour alſo to make the . 1 


IE the Chord ſhould. be 1 a | little too dias or too 3 1 
| that the interſection be made on one ſide or the other of the arc 
to be divided, it will not occaſion an inequality, provided the 

point be made in the middle between the two ſhort lines, except 
of. the point of 42: 400, where: great care muſt: be uſed in taking 

the Chords from the Scale. Great care muft alſo br uſed in pointing 
interſections in general, being more difficult tban a: ſingle line: But 
here I muſt not be underfiood fo mean a Angle line, made by one paint 
F the Compaſs ; for, in all bi iſettions, the place to be Pointed. muſt 
be laid off from left to right, and from right to left; and if any 
errour ariſes, from an alteration of the Beten. Corapaſy, it will be 


. ſhewn double. .'.. R 


In dividing, the points of the Beam Compaſs ſhould never be 
brought nearer together than 2 or 3 lis, hm te near the ends 
of the arch or line to be divided; wy 


having round points, which Gere in n taken out occa- 
aneh. will beſt 1 the 1 


: 0 
Fey . * * * % — I 


As rTRONOMICAL INSTRUMENTS. 
The next thing to be conſidered is the method of making 


the points: The prick-punch, for this purpoſe, muſt be ex- 


tremely ſharp, and round, the conical point to make a pretty 
acute angle; and as the points, herewith to be made, ſpould not 


exceed o, oo i of an inch, when linear divifions are to be cut from 
them, a magnifying glaſs 2 inch focal length ſhould be uſed; by the 


aſſiſtance of which, the impreſſion, or ſcratch, made by the 
points of the Beam Compaſs, will be very conſpicuous; and; if 


the ſaid impreſſion be not tao faint, feeling, as n as Is: will 


greatly contribute to mere the Points Proper h. 


It is ſcarce neceſſary to ſay any thing how x the Arc of 90 1 


mall only mention, that it contains 1536 diviſions; is to be 
divided into three equal parts, in the ſame manner as the Are of 


90; each third contains 52 diviſions, which number is diviſible 


continually * m | and e 0 in each W m wn the whole 


This Arc of = (fo £ as. 1 "RY was | firſt tink th. his 
Iron Quadrant, in the Royal Obſervatory, in the year 1725, by 
my late worthy friend, Mr. Geo, Graham: It was not only a 
ſevere check: upon that great mechanie, but will be ſo to all 
others, who divide the two arcs, upon one and the ſame inſtru- 
ment; yet, if the above inſtructions be ſtrictly fallowed, the 


agreement between the two. will be n and differ very 


little from the truth, a 1 
«+ na 6Qemo'? 9 23 2if 35 eg i bini nt © 
The next: ſtep is to eut the — 4 dleikone — points: 
The beſt inſtrument for this purpoſe is the Beam Compaſs, 
having both ir paints canicul, and very ſharp. Draw a Taiigefit 
to the Arc 5 d, ba hy at e, it Will interſect the Arc & In 73 
4 | this 
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6 THE METHOD or DIVIDING 
this will be the diſtance between the points of the Beam Com- 


paſs, to cut the diviſions (nearly) at. right angles to the Arc 
bd. 


Lodge that point of the Beam Compaſs next your right hand, in 
the point, r ; let the other fall freely into the Arc, x y; preſs gently 
with your finger upon the ſcrew-head, which faſtens the ſocket [this 
{crew-head muſt be convex, and right over the point]; ; and, with 
the point towards the right hand, cut the diu: 20 In this 
manner you muff proceed with the reft. e 


Having finiſhed the diviſions of the limb, the nonius diviſions 
are next to be divided. Chuſe any part of the arch, where there 
is a coincidence of the go and 96 arches, which let be at e: 
Draw the faint arcs 5 and i &, which may be continued to any 

length towards A, upon which the nonius diviſions muſt be 
divided, in points: A Tangent line, as before, interſecting this 
Arc, gives the diſtance of the points in the Beam Compaſs, 
Now, as the nonius diviſions of the arc 90e ſubdivide the divi- 
fions of the limb of the Mural Arc at Greenwich to half a 
minute, 11 diviſions of the limb being equal to 10 upon the 

nonius plate (a number which only 5 and 2 will divide), recourſe 
muſt again be had to computation. Meaſure the Radius of the Arc, 
and compute the Chord of 16, or rather 32, of the nonius divifions ; 

the quantity of an Arc, equal thereto, may be eafily had by the 
following proportion: As IP, : i 5 { the number of minutes in 

11 divifions of the limb ) : : 32: 2c; 56', the Chord of which 
muſt be computed, and taken 1 the ſeal of equal parts : But, 
as different ſubdiviſions by the Nonius may be required, et 
N = number of nonius diu Nons, m number Ul minutes taken in 


by 


2 {} Vi * 1 #/ MI #1 


ASTRONOMICAL ISTU ENT s. 7 


poi 4 OE" b = 16, 32 or 64, and x'==Arc Sought 3 rhen 
: b:x. 


Mp off with the Beam Compaſs, having the length of the Tangent 


between the points, the point, q, from, e, and the Chord of za from, g. 
towards the left band, and divide by continual biſections, 10 of 
thoſe diviſions, counting from, q, to the left, will be the points re- 
quired. As the number of nonius diviſions for the 96 Arch 


ſhould always be 16, 32, Cc. I need only mention, that the 


extremes may be laid off from the — of the limb, with- 
out I. TT. A ation of Ft 


-Nowp the place upon the chamfered edge of the nonius- plate, 
where the Nonius is to begin, may be found in the following 
manner. Meaſure the diſtance of the Quadrant's center, from the 
axis of the Teleſcope ; this diſtance from the axis of the Tele eſcape at 


the eye-end, will be the place for the firſt divifion of the Nonius, 


where draw a 8 fine from the center. The greater accuracy 
with which this is laid off, the nearer to the axis of the tube will 
be the interſeftion of the wires, in * common t Fs the. objet 
ena Ti u „ on 18 die zuin dn 


1 will fwopaſe, that: no 1 will as to , the” Te- 


: leſcope, the Nonius, and center- plates, without ſteady- -pins,. as 


well as ſcrews. Screw the center-plate of the Teleſcope very 
faſt : Put the nonius plate upon the ſteady-pins, without ſcrews, 


and put the Teleſcope upon the Quadrant: Make faſt the nonius 
plate to the arch with two pair of hand- vices, and take the 


; Teleſcope away. - Now, with one point of a Beam Compaſe,..1 an the 


center of the Quadrant, and the other at the middle of the nonius 
02 draw a 3 arch From end to end; V. vere this arch cuts the 
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8 THE METHOD OF DIVIDING 
faint line, before mentioned, make a fine point From this point lay 
off on each fide another, which may be at any diſtance in the arch; 
only care muſt be taken, that they be equally diſtant from the middle 
point: From the two laſi make a faint inter ſection, as near ar 
poſſible to either of the chamfered edges of the nonius plate: 
AF hrough this TRIER” the fit divi _ of the . muſt be 


cu. 


F Put the Teleſcope again upon the center of the Quadrant, the 
 fleady-pins into the nonius plate, as before ;. unſcrew the hand. vices, 
and bring the laſt mentioned inter ſection to e, or 60* upon the limb, 
where faſten it again with the hand-vices, and take away the Tele- 
ſcope. Now, from the points before divided, the nonius divifions: 
muſt be cut; by lodging the left hand point of the Beam Com- 
paſs in the points upon. the arch, and cutting with the right. 


Here great care muſt be taken, to cut the firſt diviſion of tha 
Nonius through the point of inter ſection; which may be done by 
altering the diſtance of the points in the Beam Compaſs, if ne- 
ceſſary: This will not ſenſibly affect the perpendicularity of the 
diviſions, provided the interſection be placed very near. to c, 
or 60. 


. cut the nonius * dipifions.. ſronale, of the 90, arc, take 
up the plate, poliſh off the burr, and. faſten it to the limb, as 
before; but here great care muſt be taken to make the firſt divi- 
fion. of the Nonius coincide with the 6oth deg. ſo. as to appear : 
one line; and the Nonius of the 96 arc may be cut. in the ſame 


manner,. making the firſt diviſion coincide with 64= 60 upon 
the limb. 


6 
Now: 


— — 
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| - Now take up the plate, and draw a Tangent at the point in the 
Faint arc in the middle of the nonius plate; and, with a diſtance 
about a quarter of an inch longer than the Nonius, lay off from the 


Tangent point another in the Tangent line; alſo lay off this diſtance 
from the centre of the collar at the object end of the Teleſcope, 


and make a fine point : Then extend the Beam Compaſs nearly 

the whole length of the Nonius, or center plate (which ſhould 

reach, at leaſt, half an inch beyond the Teleſcope on the 

contrary fide), and lay off other points in the Tangent line 
before mentioned, and in a line paſſing through the center 
of the Quadrant, at right angles to the Teleſcope. 


Now ſcrew the two plates to the. Teleſcope, and draw lines 
by the edge of a ſteel-ruler, through the correſpondent points, 
to which lines the plates muſt be carefully filed: Then the ends 

of the plates will be in lines parallel to each other, and to the 
axis of the tube, which affords an excellent mechanical 


method of finding the line of collimation of the Tele- 
ſcope. 


The apparatus uſed, for this purpoſe, by the late Mr. 
Graham, was a box equal in length to the Teleſcope, having 
deep ſides, to prevent its bending by its own weight: The 
ends were of hard wood; inſtead of which, I uſe two flat 
pieces of braſs, which I can move according to different lengths 

required ; and, by the help of 4 ſmall ſpirit Level, theſe Pieces 
of braſs may be fixed in one and the ſame plane. This appa- 
ratus ſhould ſtand firm upon the ground, where a diſtant and 
diſtinct object can be ſeen: Reſt the ends of the Nonius 
and Center Plates upon the two pieces of braſs, and obſerve 
= ; | — 57 


| 
| 
| 
i 
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what point of the object is cut at the interſection of the 


horizontal and vertical wires Invert the Teleſcope; and, if 
the horizontal wire does not cut the ſame point of the object, 
it muſt be altered, by the ſcrews for that purpoſe, half the dif- 


ference. By repeating this, you may approximate extremely 


near the truth. 


In the middle, between the 90 and 96 arches of the Mural | 


| Quadrant, in the Royal Obſervatory, is an arch of points (96), 
' which are uſed with a filver wire, of about 6co in an inch, 


carried by a ſmall frame, ſcrewed to the end of the Nonius 
Plate: When the wire, in an obſervation, falls between two 


: points, it muſt, by the Micrometer Screw, be made to biſect 


the neareſt point to the left hand “; and the minutes and 
ſeconds, ſhewn by the Micrometer, added: If the next point 
to the right hand be biſected, the minutes and ſeconds muſt 
be ſubtracted. This arch of points was divided, in every 
reſpect, like the other arch of 96: 


Haviog: gone chen ah the whole 1 of dividing the 
Mural Arc, &c. it will be neceſſaty to ſhew ſome reaſons why 


this kind of management hath ſucceeded better than any other, 


.as far as I either know or have heard. 


'A thr T had Al by tees; that the expanhon of the 
Inſtruments to be divided, occafioned by the mncreafing heat of the 
ſun, or @ contraction, by a decreaſe. thertof, was the grand diffi- 
culty with which I bad fo o ruggle, Meclaly when two or | three 


a The Inſtrument theving the Zenith — 
Hours 
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hours were required to lay off the principal points; I imme- 
arately ſet about contriving bow to lay them off, in the leaſt tine 

poſſible, i. e. before any expanſion » or contrattion, could take 
place; and, as the heat. of three or four perſons in the room: e 
may produce the ſame efedt as the ſun, I never admit more than | 


ene, as an affijiant : Neither muſt any fire be ſu * in the rom, _— 
till the principal points are done. 


The above FO 1 00 it was eaſy to conceive, that, having 
all the Chords before mentioned computed, and meaſured, the _ | 
evening before they were to be laid off, I ſhould be enabled to | 
perform in a ſeu minutes, bat. by trials would require ſome 

hours; and, as. too: much caution cannat be uſed; it is proper. to 


2 ach the wb Powe: 1 . or elſe 4 a * 5 


The 8 of Bro 4 divifens, as deſcribed above, ir to 
prevent any inequality that would ariſ: from the expanſion of the 
Beam Compaſs by the heat of the hands, eſpecially if the Beam be 
of metal: Wooden Beams will alſo alter, probably from a ſmall | 
| bending ; but in this method, , the Beam: ſhould alter r of 
an p inch, an more, its world not e ang Jy: 2 N 


* 


As 6k points * the nonius diniGons cannot be divided 
upon the nonius plate, without inconvenience, it is beſt to 
uſe the method deſcribed in page [8], holding the Beam Com- 


aſe 4 ſmall while in the band, previous to the cutting. The 
points being but few in number, the divifions may be cut, be- 
fore any <xpanſion. can Ken take FS | 1 ant 


Wi Sextants, 
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Sextants, or Oddants, for obſerving the diſtance of the moon 
Fr the fixed ftars, ſhould be divided by the "foregoing me- 
thod, great accuracy being required. J inſtead of dividing 
 Sextants to every 20“ upon the limb, as is commonly done, they 
ſhould. be divided to 15/, a Chord of 64* might be laid off, and 
divided by continual biſſeftions : This would, in ſome meaſure, 
crowd the Limb with diviſions ; but -it would ſhorten- the No- 

nius; for 15, inſtead of 20, would ſhew one minute. 


In dividing either Arches or Strait Lines, a number (which 
vill divide continually by 2) greater than is required upon 
the Arc or Line, is the beſt to begin with, and may be uſed in 
dividing a Circle, by laying off the Chord of the difference: 
| Suppoſe it was required to divide a Circle into 54 equal parts, 
it would be 64—54=10=10" : 30“; the Chord of which, laid 
off, muſt be added to 360, and it will be 360*+10* ; 3o', to 
be divided into 64 equal parts, 54 of which will complete the 
Circle, —If the Are of 10*: 30“ be laid off from a dividing 
. it will anſwer the ſame een. 


Analagous to the Hinton methad, my ſeale of equal parts 
was divided, I took , of an inch in a Beam Compaſs, laid the 
Scale which I took it from, the Braſs Scale to be divided, and the 
Beam Compaſs, in a room facing the North, where they lay the 
whole night : Early next morning, after corretting the lengths, _ 
. the above . were laid off three times (the Braſs being long 
enough to * it in); then, having 1 in other Compaſſes 2 56, 
428, and 64, I biſected the three” ſpaces of 512 with all the 
expedition I could: Having now only 6, 4 inches in the laſt | 
Beam Compaſs, any partial or unequal expanſion | was not o 


e 5 1 5 "be 


ASTRONOMICAL INSTRUMENTS, 13 


be feared; therefore worked by continual biſections, till I 


had done. The linear divifons were cut wings the Oy with 

'a + ag nr "as before de ns 165 2 e 
en de 8 e 

The nonius diviſions of . de contain * bf an urch, 


0 h were divided into 100 in the following manner. A,. 
100: 101: 256: 258,56 tenths of an inch, the integer in this caſe 
being u · Suppoſe the Scale to be numbered at every inch, 
from left to right; then exactly againſt . vs to the left of o, was 
made a fine point ; from which was Taid off 258, 56 to the right 
hand. This was taken from a Scale 3 feet in length, 


which was divided after the common method; but the error 


was ſo ſmall, as to vaniſh at the other Oy" of the Nonius, 
when divided N __ 5 


| Whower nes to divide a Scale of the hs kind, not 
| by furniſhed with one long enough to lay off 2 58, 56 may 

e from that before him, to "which he may dad 8, 56 taken 
pus a ; tonal Scale, Fiat 2 be made at a om expence. | 


To prove che expedience of the above alethods: of- dividing 
Aſtronomical Inſtruments,” Cc. I need only to mention the fol- 
- lowing particulars, taken from the Nautical Almanac for this 
preſent year 1767, page 1 52. „ W eee | 


40 Mr. Mayer aw his nn with, his 6x-foot: Mural 
«Arch, from the year 1756 to the time of his. deceaſe 2 With 
+ it he ſettled the mean obliquity of the Ecliptie, to the . 
"0 ning of the FR 17 . at 23˙ 9 10 which Dr. Bradley 
8 2 3 5 Lan. ed 


| 75 
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» ſeitled by h bis beten made in N. * W 51, 
« at 235: 28018“. The difference is agreeable to what ought 
« to ariſe from the gradual diminution of the obliquity of the 
66 Ecliptic, at the rate of about © a ſecond in a year,” Sc. That 
two different obſervers, with en of different radu, and 
in different parts of Europe, ſhould ſo nearly agree, is matter of 
no ſmall aſtoniſhment; and ſufficiently proves, that a mean of 
ſeveral obſeryations, made by good obſervers with accurate ms 
| ſtruments, properly adjuſted, will always bead. us either to the 2 


truth itſelf, or extremely near to it. „ * 
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